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(54) Method for production of acrylic acid and apparatus for production of acrylic acid 



(57) Chilled coolant is prepared by liquid coolant uti- 
lizing the latent heat generated by a gasification of liq- 
uefied propylene, for example, and this chilled coolant is 
used in heat exchangers which are used in a process for 
production of acrylic acid or acrolein. This method 
allows effective utilization of the latent heat which used 
to be discarded and permits a reduction of energy con- 
sumption of cooling required separately in the step for 



production. By recovering the chilled coolant with the 
liquid coolant, it makes possible to stabilize the gasifica- 
tion of propylene, etc. and consequently stabilize the 
production of acrylic acid. This invention consists of pro- 
viding the method for the production of acrylic acid, etc. 
and the apparatus which make effective use of the 
latent heat generated in the steps of production. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention: 5 

[0001] This invention relates to a nnethod for the 
production of acrylic acid, for exannple, which method 
comprises preparing the chilled coolant by utilizing the 
latent heat generated during the gasification of propyl- w 
ene and/or propane as the raw material for the produc- 
tion of acrylic acid and circulating the chilled coolant to 
the heat exchangers being used in the apparatus for the 
production of acryic acid, and to the apparatus for the 
production of acrylic acid which is suitable for the is 
method mentioned above. 

Description of Related Art: 

[0002] Acrylic esters have been finding utility as 20 
materials for acrylic fiber copolymers, as emulsions for 
tackifiers and adhesives, and as raw materials for 
paints, processed fibers, leather products, and build- 
ings. They have been consequently enjoying growing 
demands. In the circumstance, the desirability of devel- 25 
oping a process which allows use of inexpensive raw 
materials, permits mass production, and restrains any 
addition to the environmental pollution has been finding 
popular recognition. The acrylic acid and the like which 
are used as raw materials for such acrylic esters are 30 
now produced by the reaction of catalytic gas phase oxi- 
dation of propylene, for example. 
[0003] An example of the process for producing 
acrylic acid by this reaction of catalytic gas phase oxida- 
tion will be explained with the aid of Fig. 1 depicting the 35 
flow of the raw material for acrylic acid with thick lines 
and the flow of cooling water with thin lines. 
[0004] First, the reaction of catalytic gas phase oxi- 
dation requires supply of the raw material therefore in 
the form of the gas as aptly implied by the name. A liq- 40 
uefied propylene 14 is gasified through the propylene 
evaporator 3, gaseous propylene from the evaporator is 
mixed with air 1 6 for use in the reaction of oxidation, and 
the resultant mixture is subsequently supplied to the 
reactor 4. When propylene, for example, is subjected to 45 
catalytic gas phase oxidation with the molecular oxy- 
gen-containing gas in the presence of the catalyst for 
the reaction of catalytic gas phase oxidation, the mixed 
gas containing such by-products as acetic acid in addi- 
tion to acrylic acid, i.e. the product aimed at is obtained so 
as the reaction product. The reaction product gas 
formed by the reaction of catalytic gas phase oxidation, 
therefore, is introduced into the acrylic acid absorbing 
column 5 and exposed therein to the acrylic acid 
absorbing solvent, thereby cooled and absorbed, and ss 
eventually the liquid containing acrylic acid and such by- 
products as acetic acid as well is obtained. Then, the 
solvent in this liquid is separated in the solvent separat- 



ing column 6 and subsequently distilled and purified in 
the refining column 7 to separate acrylic acid 18 from 
by-product containing liquid and obtain the product 
aimed at. 

[0005] In this case, a part of the bottom liquid in the 
acrylic acid absorbing column 5 is introduced into the 
circulation cooler 9 attached to the acrylic acid absorb- 
ing column and cooled by exchanging heat with the liq- 
uid coolant supplied from a part of liquid coolant 
supplying system 1 and then circulated to the acrylic 
acid absorbing column 5. Incidentally, the acrylic acid 
absorbing column 5 is generally Installed with the 
absorbing solvent cooler 8 adapted to cool the acrylic 
acid absorbing solvent 21 for the purpose of enhancing 
the efficiency of acrylic acid absorption. The distillate 
from the top of the solvent separating column 6 is con- 
densed in the condenser 1 0 attached to the solvent sep- 
arating column 6 with the liquid coolant supplied from a 
part of the liquid coolant supplying system 1 , thereby 
recoverying the solvent 22. Similarly, the distillate from 
the top of the refining column 7 is condensed in the con- 
denser 1 1 attached to the refining column 7 with the liq- 
uid coolant supplied from a part of the liquid coolant 
supplying system 1 , thereby obtaining the acrylic acid 
1 8. The liquid coolant resulting from heat exchange can 
be supplied to the methacrylic acid and/or (meth)acrylic 
esters plant 12, subjected to heat exchange therein, 
and then put to use. In any event, the liquid coolant lines 
are provided for the purpose of allowing circulation of 
this liquid coolant from these heat exchangers to the liq- 
uid coolant supplying system 1. Incidentally, the acrylic 
acid absorbing column 5 discharges the waste gas 20 
through the top thereof. 

[0006] It has been heretofore customary to supply 
steam 1 7 controlled by the pressure controller 24 to the 

evaporator 3 for the purpose of utilizing the high energy 
of the steam 17, thereby gasifying liquefied propylene. 
The condensed drain of the steam 1 7 resulting from the 
heat exchange has been utilized as the boiler feed 
water for the purpose of harnessing the sensible heat 
thereof. 

[0007] This method, however, is at a disadvantage 
in suffering even a slight fluctuation of the steam pres- 
sure or the amount of supplied steam 17 to render the 
vapor pressure and the dryness of the propylene gas 
unstable because the energy of steam is high. In the 
production of acrylic acid by the reaction of catalytic gas 
phase oxidation, therefore, the composition of the reac- 
tant gas tends to vary and the stability of the reaction 
system itself tends to lose stability. Further, the concen- 
tration of the acrylic acid in the gas supplied to the 
acrylic acid absorbing column 5 likewise varies and, as 
a result, polymerization and clogging will happen at the 
column inside, and the efficiency of absorption will drop 
in the consequence of the formation of polymer. The 
decline of the efficiency of absorption lowers the con- 
centration of the acrylic acid in the liquid in which acrylic 
acid is absorbed emanating from the acrylic acid 
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absorbing column, with the result that the load on the 
colunnn will rise during the separation of the solvent by 
the solvent separating colunnn 6. 
[0008] In the production of the acrylic acid, the 
acrylic acid absorbing column 5, the solvent separating 5 
column 6, the refining column 7, etc. are provided for 
the purpose of purifying the acrylic acid obtained by the 
reaction of catalytic gas phase oxidation and these col- 
umns are each provided with numerous heat exchang- 
ers adapted to enhance the efficiencies of absorption, io 
separation, and purification by utilizing the principle of 
heat exchange. As concrete examples of the heat 
exchanger of this nature, the acrylic acid absorbing sol- 
vent cooler 8, the condenser 1 1 attached to the refining 
column 7, and the condenser 1 0 attached to the solvent 15 
separating column 6 may be installed. The cooling 
water for use in these heat exchangers is supplied from 
the liquid coolant supplying system 1 such as a refriger- 
ator and/or cooling tower. Since the temperature of the 
cooling water varies due to the season, there are cases 20 
where the capacity for heat exchange will drop as the 
rise of cooling water temperature. To prevent this tem- 
perature from rising, another electric power is required 
for cooling the liquid coolant. 

[0009] Further, in the case of the solvent separating 25 
column 6, for example, the distillate from the top of this 
column is condensed and cooled by the condenser 10 

attached to the solvent separating column. If the effi- 
ciency of absorption in the acrylic acid absorbing col- 
umn 5 falls down, the load exerted to bear on the 30 
subsequent solvent separating column 6 will be possibly 
elevated and the load on the condenser 10 will be con- 
sequently elevated. Owing to this rise of load coupled 
with the fall of the capacity for heat exchange due to the 
rise of the temperature of the cooling water mentioned 35 
above, the distillate from the top of the solvent separat- 
ing column 6 will not be condensed or cooled suffi- 
ciently. Further, the distillate contains acrylic acid, 
polymerizable by-products, etc. besides the solvent. 
The solvent separating column 6 is usually operated 40 
under vacuum pressure. Under these complex circum- 
stances, insufficient condensation of the distillate will 
possibly induce such problems as increasing the 
amount of the polymerizable materials to be scattered in 
the vacuum equipment connected to the condenser, 45 
and cause the vacuum equipment and the piping 
installed thereto to incur such adverse situation as 
polymerization and clogging. As a result, it possibly 
becomes difficult or even impossible to control the oper- 
ating pressure of the column. Further, these detriments so 
possibly induce the polymerization in the solvent sepa- 
rating column and give rise to such troubles as deterio- 
ration of final product quality. 

[0010] Heretofore, the problem of the polymer for- 
mation due to the supply of the steam 17 thereto has 55 
been coped with only by periodic removal of the poly- 
mer deposited thereon. 



SUMMARY OF THE INVENTION 

[001 1 ] The present inventor has elaborately studied 
the process for producing acrylic acid and consequently 
found that by substituting the liquid coolant for the 
steam 17 supplied as the heat source for gasifying pro- 
pylene in the propylene evaporator, it is made possible 
to allow the reactant gas to be supplied stably and, at 
the same time, enable the total system for producing 
acrylic acid to be stabilized drastically, reduce the 
polymerization and clogging, what is more, allow the 
electric power heretofore required for the cooler to be 
decreased by utilizing the chilled coolant obtained dur- 
ing the gasification mentioned above. This invention has 
been perfected based on this discovery. 
[0012] To be specific, the tasks imposed on this 
invention are accomplished by the following items (1) 
and (2). 

(1) A method for the production of acrylic acid or 
acrolein, characterized by gasifying liquefied pro- 
pylene and/or propane introduced into an evapora- 
tor by supplying a liquid coolant to the evaporator 
and, at the same time, preparing a chilled coolant 
by recovering the latent heat of the liquefied propyl- 
ene and/or propane, subjecting the resultant gasi- 
fied propane and/or propylene to a catalytic gas 
phase oxidation reaction thereby preparing a gas 
containing acrylic acid or acrolein, and using said 
chilled coolant in heat exchangers attached to the 
apparatus for the production acrylic acid or acro- 
lein. 

(2) An apparatus for the production of acrylic acid or 
acrolein, comprising means for gasifying liquefied 
propylene and/or propane introduced into an evap- 
orator by supplying a liquid coolant to said evapora- 
tor and, at the same time, preparing a chilled 
coolant by recovering the latent heat of the liquefied 
propylene and/or propane, means for subjecting the 
resultant gasified propylene and/or propane to a 
catalytic gas phase oxidation reaction thereby pre- 
paring a gas containing acrylic acid or acrolein, and 
means for using said chilled coolant in heat 
exchangers attached to the apparatus for the pro- 
duction of acrylic acid or acrolein. 

[0013] According to this invention, since the latent 
heat is recovered by liquid coolant, the gasification of 
propylene and/or propane can be effected stably and 
the supply of the reactor with propylene can be attained 
stably as compared with the conventional method utiliz- 
ing steam. As a result, the absorption and the distillation 
in the acrylic acid absorbing column, solvent separating 
column, refining column, etc. can be stabilized and the 
final product can be improved in quality. At the same 
time, by using the chilled water prepared by the method 
mentioned above in the heat exchangers in the process 
of acrylic acid production, it is made possible to 
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decrease the energy consumption for cooling. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] 5 

Fig. 1 is a diagram illustrating an example of the 
conventional process for production of acrylic acid 
by the reaction of catalytic gas phase oxidation, 
with the flows of raw materials for acrylic acid indi- io 
cated in thick lines and those of cooling water in thin 
lines. 

Fig. 2 is a diagram illustrating a preferred working 
example of this invention for producing acrylic acid 
by a two-step reaction using water as the liquid is 
coolant and propylene as the raw material. 
Fig. 3 is a diagram illustrating a preferred working 
example of this invention for producing acrylic acid 
by using brine as the liquid coolant. 

20 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[001 5] The first aspect of this invention consists in a 
method for the production of acrylic acid or acrolein, 25 
characterized by gasifying liquefied propylene and/or 
propane introduced into an evaporator by supplying a 
liquid coolant to the evaporator and, at the same time, 
preparing a chilled coolant by recovering the latent heat 
of the liquefied propylene and/or propane, subjecting 30 
the resultant gasified propane and/or propylene to a cat- 
alytic gas phase oxidation reaction thereby preparing a 
gas containing acrylic acid or acrolein, and using said 
chilled coolant in heat exchangers attached to the appa- 
ratus for the production acrylic acid or acrolein. 35 
[0016] It has been heretofore customary to use 
steam 17 in gasifying liquefied propylene and/or pro- 
pane. Since the steam has high energy, even a slight 
fluctuation of its pressure or supplied amount varies the 
composition of the reactant gas supplied to the reactor 40 
for catalytic gas phase oxidation and deprives the cata- 
lytic gas phase oxidation reaction itself of its stability. 
This invention, however, Is enabled by using the liquid 
coolant in the place of the steam 1 7 to stabilize the gas- 
ification itself and also stabilize the whole reaction sys- 45 
tem and the whole of the subsequent steps for 
producing acrylic acid as well. The drain resulting from 
the use of steam 17 has been heretofore reused barely 
as the boiler feed water for the purpose of utilizing sen- 
sitive heat. Owing to the use of the liquid coolant, how- 50 
ever, this invention enables the chilled coolant to be 
obtained in a large amount in consequence of the gasi- 
fication and allows the reduction of the electric power 
consumed in the heat exchangers in the acrylic acid 
process by using the obtained chilled coolant. The term 55 
"liquid coolant" as used in this invention refers to the 
cooling agent which is used in gasifying the liquefied 
propylene and/or propane destined to serve as the raw 
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material for the production of acrylic acid or acrolein. 
This liquid coolant is only required to retain a liquid state 
while it is supplied to the evaporator 3 and is allowed to 
be gasified or solidified while it is circulated to other heat 
exchangers or after it has been used therein. The term 
"chilled coolant" refers to the liquid coolant mentioned 
above which has exchanged heat with the liquefied pro- 
pylene and/or propane and consequently has lower 
temperature than that of before heat exchange. In this 
invention, since the chilled coolant is circulated to and 
used in the heat exchangers, it is subject to change of 
heat and has the temperature thereof inevitably rise 
after exchange the heat in the heat exchangers. Even in 
this case, the chilled coolant is expressed so for the 
sake of convenience. When the chilled coolant is cycli- 
cally used as in the steps for production of acrylic acid, 
therefore, this chilled coolant is supplied to the evapora- 
tor after it has recovered heat. When the chilled coolant 
is in the liquid state in the evaporator, it answers the 
expression "liquid coolant" as defined in this specifica- 
tion. The expression "the heat transfer medium for the 
circulation in the reactor" which will be used hereinafter 
refers to the heat medium being circulated in the shell of 
the reactor for the catalytic gas phase oxidation reac- 
tion. 

[0017] Now, as one example of the preferred 
embodiment of this invention, the production of acrylic 
acid by the two-step catalytic reaction using water as 
the liquid coolant and propylene as the raw material will 
be described with reference to Fig. 2. In Fig. 2 and in 
Fig. 3 as well which will be used hereinafter, the flows of 
the raw material for acrylic acid and lines for producing 
acrylic acid are indicated in thick lines and the flows of 
liquid coolant and chilled coolant in thin lines. 
[0018] For a start, the liquid coolant supplied from 
the liquid coolant supplying system 1 is introduced to 
the propylene evaporator 3 via line LI to gasify the liq- 
uefied propylene. The evaporator 3 is connected with 
the piping for introducing the liquid propylene and has 
empty space for introducing the liquid coolant, and ena- 
bles gasification of liquefied propylene by the principle 
of heat exchanger, with the result that the liquid coolant 
will be converted into the chilled coolant. 
[0019] As the liquid coolant, water or brine may be 
used. As the water, industrial water, city water, or other 
water may be used. The brine is known in numerous 
types such as ethylene glycol, methanol, and other 
aqueous solutions. This invention allows use of the 
brine as the known liquid coolant to be circulated to the 
heat exchangers. The brine is at an advantage in retain- 
ing the liquid state at lower temperature than water and 
allowing the lowest temperature for the liquid state to be 
adjusted in accordance with the composition thereof. 
The choice of water or brain as the liquid coolant and 
the question as to the kind of composition for the brine 
to be used may be properly decided to suit the kind of 
use and the purpose of use. 

[0020] The method for production according to this 
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invention has no particular restriction for tine tempera- 
ture of the liquid coolant to be supplied to the evaporator 
3. This is because the liquid coolant is capable of stabi- 
lizing the reaction system and reducing the power for 
cooling so long as it is in a liquid state at the time that it 5 
is introduced into the evaporator 3. In the gasification of 
the liquefied propylene and/or propane, the temperature 
Is In the range of 0 - 50°C, preferably 5 - 40°C, and par- 
ticularly preferably 5 - 35°C. The reason for this range of 
temperature will be described In detail below. 70 
[0021] First, the vaporizing temperature of the liq- 
uefied propylene 14 In the evaporator 3 varies with the 
saturated vapor pressure of propylene in the evaporator 
Since this saturated vapor pressure can be controlled 
by the operating pressure of the liquefied propylene 14 15 
introduced into the evaporator 3, the vaporizing temper- 
ature may be set at an arbitrary level by adjusting the 
operating pressure of the liquefied propylene 14. The 
gasification of the liquefied propylene 14 requires the 
vaporizing temperature to be lowered below the temper- 20 
ature of the liquid coolant to be supplied, and this will 
Inevitably entail the drop internal pressure, that Is, the 
operating pressure of the evaporator. The drop of the 
operating pressure, however, results in increasing the 
specific volume of the gasified propylene and conse- 25 
quently requires the volume of the evaporator 3 Itself to 
be enlarged for the purpose of retaining the rate of 
vaporization at a proper level in the evaporator 3. Spe- 
cifically, when the temperature of the liquid coolant falls 
below 0°C, It becomes necessary to enlarge the volume 30 
of the evaporator 3 and, as a natural consequence, to 
enlarge the pipe lines through which the gasified propyl- 
ene flows. During the stop of the operation or during an 
erroneous operation, the interior of the evaporator 3 is 
exposed to high pressure because the temperature of 35 
the propylene in the evaporator 3 rises to the same tem- 
perature as the liquid coolant to be supplied. The evap- 
orator 3, therefore, must be designed with excessive 
pressure resist ability. 

[0022] Conversely, when the temperature of the llq- 40 

uid coolant is high, the volume of the evaporator 3 may 
be reduced due to the rise of operating pressure in com- 
pliance with the above mentioned theory and practice. 
When the liquefied propylene 1 4 is supplied to the evap- 
orator 3 by the Inner pressure of the liquefied propylene 45 
storage tank (not shown), namely by the pressure of its 
own, since the inner pressure of the storage tank varies 
due to the ambient temperature, it becomes difficult to 
supply liquefied propylene by the pressure of its own, 
and is, therefore will be necessary to provide the high so 
discharge pressure feed pump (not shown). Particularly, 
when the temperature of the liquid coolant is high in the 
case of an erroneous operation, the pressure in the 
evaporator 3 will rise abnormally. Specifically, when the 
temperature of the liquid coolant exceeds 50°C, the 55 
design pressure of evaporator 3 and the piping con- 
nected thereto should be raised similarly to the conven- 
tional use of steam. This Invention, by setting the 



temperature of the liquid coolant in the aforementioned 
range, 0 - 50°C, in consideration of the facts mentioned 
above, enables the evaporator 3 and the pipe lines con- 
nected thereto to lower the design pressure and the 
ability to resist pressure, to reduce their sizes, and to 
acquire excellent effects. 

[0023] The temperature of the chilled coolant to be 
obtained varies due to the flow amount of the liquid 
coolant introduced per unit time into the evaporator 3 
and/or the flow volume of the liquefied propylene and/or 
propane 14 introduced per unit time into the evaporator 
3. This Invention, however, prefers to use the liquid cool- 
ant satisfying the specified ranges mentioned above 
and obtain the chilled coolant having the temperature in 
the range of -1 0 - 40°C, preferably -5 - 35°C, and partic- 
ularly preferably 0 - 35°C. To obtain the chilled coolant 
having the temperature below - 1 0°C, It is necessary to 
decrease the amount of the liquid coolant and it is diffi- 
cult to prepare the chilled coolant to be circulated to the 
heat exchangers which is used In the process for pro- 
ducing acrylic acid. If the temperature of the chilled 
coolant exceeds 40°C, the amount of liquid coolant to 
be obtained will increase excessively and this will result 
in the deterioration of the efficiency of the process due 
to the requirement of further cooling of the chilled cool- 
ant In order to make it appropriate to use in whichever of 
the heat exchangers operated in the process for produc- 
ing acrylic acid. The vaporizing pressure of the evapora- 
tor 3 is preferred to be in the range of 0.2 - 2 MPa in 
gauge pressure. 

[0024] This Invention may attain the purpose of set- 
ting the temperature of the liquid coolant at a level In the 
aforementioned range by providing the liquid coolant 
supplying system 1 with the liquid coolant thermocon- 
troller 23 and supplying the liquid coolant having the 
temperature thereof adjusted to the range mentioned 
above. Further, for the purpose of adjusting the temper- 
ature of the liquid coolant and the amount of the liquid 
coolant to be supplied to the evaporator 3, the pressure 
controller 24 or the gas flow rate controller 25 may be 
installed between the evaporator 3 and the reactor 4. 
[0025] In this invention, the chilled coolant which is 
obtained from the liquid coolant by heat exchange as 
described above may be used as the liquid coolant in 
other heat exchangers as it Is. In case the chilled cool- 
ant is passed through the line 2 and further cooled by 
the refrigerator 13, the result will become preferable so 
that the chilled coolant will have a temperature which is 
appropriate to use In other heat exchangers. When the 
temperature of the chilled coolant is high, the liquid 
coolant thermocontroller 26 may be installed at the 
refrigerator 13 additionally to adjust the temperature of 
the chilled coolant. The reason for this additional Instal- 
lation is that the adjustment of the temperature conse- 
quently attained results In stabilizing the cooling and the 
condensation in the heat exchangers serving the pur- 
pose of supplying the chilled coolant. 
[0026] In this Invention, the chilled coolant having 
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the temperature thereof adjusted by the refrigerator 13 
is used as the liquid coolant for at least one of the heat 
exchangers attached to the plant for producing acrylic 
acid. These heat exchangers include the absorbing sol- 
vent cooler 8 attached to the acrylic acid absorbing col- 5 
umn 5, the circulation cooler attached to the acrylic acid 
absorbing column, the condenser 10 attached to the 
solvent separating column 6 and the condenser 11 
attached to the refining column 7, for example. 
[0027] The refrigerator 13, for example, supplies 10 
the chilled coolant via the line 3 to the absorbing solvent 
cooler 8 which is attached to the acrylic acid absorbing 
column 5. Since the temperature of the absorbing sol- 
vent is preferred to be low for the purpose of high effi- 
ciency of acrylic acid absorption, the absorbing solvent 15 
is generally cooled in the heat exchanger before it is 
supplied to the acrylic acid absorbing column 5 and the 
liquid coolant for this cooling is introduced from another 
cooling system. In this invention, the power consumed 
for cooling can be decreased by using the chilled cool- 20 
ant mentioned above as the liquid coolant to be circu- 
lated to the cooler 8. When the chilled coolant is 
circulated to the cooler 8, the temperature thereof Is 
properly in the range of 0 - 35°C, preferably in the range 
of 5 - 30°C. In order to prepare the chilled coolant which 25 
has appropriate temperature as mentioned above, it is 
preferable to install the liquid coolant thermocontroller 
26 as stated above. 

[0028] The absorbing column 5 is generally pro- 
vided with the circulation cooler 9 for cooling a part of 30 
the heat entrained by the acrylic acid-containing gas 
supplied from the reactor 4 and enabled consequently 
to put to circulation part of the bottom of the column 
and, at the same time, supply the cooled acrylic acid 
absorbing solvent 21 from the top of the column, with 35 
the result that the temperature of the top of the column 
and the efficiency of acrylic acid absorption will be 
maintained at respectively prescribed levels. As the liq- 
uid coolant used in the circulation cooler 9, this inven- 
tion allows use of the chilled coolant prepared as 40 
described above. Incidentally, the temperature of the 
chilled coolant prepared in the evaporator and/or 
adjusted by the liquid coolant thermocontroller is not 
always required to be equal to the temperature of the 
chilled coolant which is supplied to the coolers 8 and 9, 45 
etc. The chilled coolant to be circulated to the circulation 
cooler 9, for example, does not need to be limited to the 
chilled coolant which is cooled by the refrigerator 13. 
The chilled coolant withdrawn via the branch from the 
line 2 extending from the evaporator 3 through the so 
refrigerator 13 may be used instead. When the chilled 
coolant is circulated to the circulation cooler 9, the tem- 
perature thereof is properly in the range of 0 - 40°C, 
preferably 5 - 35°C. The chilled coolant which has 
undergone heat exchange in the circulation cooler 9 is 55 
introduced via the line 5 and the chilled coolant which 
has undergone heat exchange in the cooler 8 is intro- 
duced via the line 4 and they are mixed. It is preferable 



to mix the chilled coolant which has different tempera- 
ture and to return to resultant mixed chilled coolant to 
the liquid coolant supply system 1 via the line 6 and 
reuse as liquid coolant. 

[0029] The chilled coolant emanating from the 
refrigerator 13 can be advanced through the branch 
from the line 3 and circulated to the condenser 10 
attached to the solvent separating column 6 and used 
therein as the liquid coolant for heat exchange. As the 
chilled coolant to be used for this purpose, that which 
has been cooled by the refrigerator 13 proves favorable. 
When the chilled coolant is circulated to the condenser 
1 0, the temperature thereof Is properly in the range of 0 
- 35°C, preferably 5 - 30°C. Incidentally, in order to pre- 
pare the chilled coolant which has appropriate tempera- 
ture as mentioned above, the condenser 10 may be 
provided with the thermocontroller. The chilled coolant 
which has undergone heat exchange may be advanced 
from the condenser 1 0 through the line 7 and joined to 
the flow in the line 6, again returned to the liquid coolant 
supplying system 1 and reused as the liquid coolant. 
[0030] The process for producing acrylic acid usu- 
ally involves the acrylic acid refining column 7 In addi- 
tion to the acrylic acid absorbing column and the solvent 
separating column mentioned above. When the acrylic 
acid refining column 7 is involved in the process, the 
chilled coolant mentioned above may be used as the liq- 
uid coolant for the heat exchanger attached to the 
acrylic acid refining column 7 such as, for example, the 
condenser 1 1 attached to the refining column. When the 
chilled coolant is circulated to such a heat exchanger, 
the temperature thereof is properly in the range of 20 - 
35°C, preferably 20 - 30°C. The vapor of acrylic acid is 
distilled from the acrylic acid refining column 7 through 
the top thereof and subsequently cooled by the con- 
denser 11 attached to the refining column to obtain 
acrylic acid. Meanwhile, the liquid 19 containing the by- 
product Is recovered through the bottom of the column. 
Incidentally, the liquid coolant which has utilized in the 
condenser 10 attached to the solvent separation col- 
umn or the condenser 1 1 attached to the refining col- 
umn is passed through the line 7 and the line 8 and 
mixed with the flow through the line 6 and returned to 
the liquid coolant supplying system 1 and reused as the 
liquid coolant. When the apparatus for the production of 
acrylic acid mentioned above is connected to the meth- 
acrylic acid and/or (meth)acrylic esters plants 12, the 
liquid coolant mentioned above may be supplied as the 
liquid coolant for heat exchange in the plant 12 and the 
liquid coolant which has undergone this heat exchange 
advanced through the line 9, combined with the flow 
through the line and returned again to the liquid coolant 
supplying system 1 and reused as the liquid coolant. 
[0031] One example of the chilled coolant used in 
the process for producing acrylic acid by the series of 
operations resorting to the reactor 4, acrylic acid 
absorbing column 5, solvent separating column 6, and 
refining column 7 has been installed. This invention 



6 



11 

allows the chilled coolant to be used in such heat 
exchangers installed in the plants other than the plant 
for producing acrylic acid and the plants further con- 
nected to the acrylic acid plant such as, for exannple, the 
nnethacrylic acid and/or (meth)acrylic esters plants 12. 5 
When the amount of the heat of the chilled coolant cal- 
culated from the amount of the chilled coolant obtained 
by gasification is in excess of the total amount of the 
heat required for cooling in the heat exchangers 
attached to the process for producing acrylic acid, when 10 
the amount of the heat of chilled coolant is in excess 
amount because the chilled coolant has been further 
cooled by the refrigerator 13, and when the chilled cool- 
ant usable for cooling is in excess amount because it 
has been used only in a part of the heat exchangers 75 
involved in the process for producing acrylic acid, these 
excess of the chilled coolant can be effectively utilized in 
the plants mentioned above instead of being wasted. 
Moreover, the use of the chilled coolant results in not 
only reduction of energy consumption for cooling but 20 
also stabilizing the process of production by effective 
utilization of the latent heat generated by the gasifica- 
tion of propylene. For example, part of the chilled cool- 
ant from the line 3 can be circulated to and used in the 
heat exchangers attached to the methacrylic acid 25 
and/or (meth)acrylic esters plants 12. The chilled cool- 
ant which has undergone heat exchange in this plant 
may be advanced through the line 9 and mixed with the 
flow through the line 6. Particularly, when the acrylic 
acid is further esterified to produce the acrylic esters, 30 
the chilled coolant supplied to and used in the heat 
exchangers incorporated in the apparatus for producing 
esters brings about the advantage of simplifying the 
installation of piping for the transfer of the chilled cool- 
ant. 35 
[0032] Incidentally, when the acrylic acid absorbing 
column 5, solvent separating column 6, refining column 
7, etc. are present in plural quantities or when plural 
coolers are connected to one acrylic acid absorbing col- 
umn, for example, the chilled coolant may be supplied to 40 
any or all of the relevant units. 

[0033] Further, this invention may discard the 
chilled coolant after it has been used for heat exchange 
and it nevertheless is preferred to have chilled coolants 
of different temperature levels to be combined and 45 
returned to and reused in the liquid coolant supplying 
system 1 attached to the cooling tower, for example. 
The discard of the chilled coolant in a large volume is 
unfavorable from the environmental presevation and 
economical point of view. This invention is also excellent so 
in being capable of contributing to the preservation of 
environment owing to the cyclical use of the liquid cool- 
ant. The chilled coolant which is circulated to the liquid 
coolant supplying system 1 may be supplied via the line 
to the group of liquid coolant using devices 29 and used 55 
therein and, after being used therein, forwarded via the 
line 1 0 and combined with the flow in the line 6 and cir- 
culated to the liquid coolant supplying system 1 . 
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[0034] Now, the supply route for the propylene 
and/or propane emanating from the evaporator 3 will be 
described. The propylene, for example, which has been 
gasified by the evaporator 3 is mixed with the inert gas 
and/or air through the inert gas supply route and the air 
supply route which are omitted from illustration herein 
and the reactant gas consequently formed is supplied to 
the reactor 4. Further, this invention can adjust the 
amount of the propylene and/or propane 14 to be gasi- 
fied by properly controlling the amount of the liquid cool- 
ant introduced into the evaporator 3 as described 
above. That is, this invention can stabilize conversion 
and the yield in the step for producing acrylic acid by 
adjusting the amount of the liquid coolant to be intro- 
duced. The adjustment of the amount of the gasified 
propylene and/or propane supplied from the evaporator 
3 and introduced into the reactor 4 may be attained by 
adjusting the gas flow rate using gas flow rate controller 
25 installed in the line. 

[0035] In the present invention, the reaction of cata- 
lytic gas phase oxidation of propylene with molecular 
oxygen containing gas can be carried out under the 
conditions adopted by the heretofore known method. In 
the case of propylene, for example, the reactant gas 
used for the reaction has appropriate propylene con- 
centration in the range of 3 - 15 vol. %, the ratio of 
molecular oxygen containing gas to propylene in the 
range of 1 - 3, and comprises nitrogen, steam, carbon 
oxides, and propane, etc. 

[0036] As the source for the molecular oxygen con- 
taining gas, air is advantageously used. Oxygen- 
enriched air and purified oxygen, optionally, may be 
used Instead. This source Is supplied by the one-pass 
mode or the recycling mode. Commendably, the reac- 
tion temperature is in the range of 250°C - 450°C, the 
reaction pressure In the range of absolute pressure 0.1 
- 0.5 MPa, and the space velocity in the range of 500 - 
3000 h""" (STP). 

[0037] Though the reactor 4 does not need to be 
particularly discriminated on account of the kind, the 
shell-and-tube type reactor may be preferably used 
because It Is effective for heat exchange. 
[0038] As the catalyst with which the reactor 4 is to 
be packed for the production of acrylic acid by two -stage 
catalytic gas phase oxidation reaction, the oxidation cat- 
alyst which is generally used for the production of acro- 
lein by the gas phase oxidation reaction of reactant gas 
can be used as the former-stage catalyst. By the same 
token, the latter-stage catalyst does not need to be par- 
ticularly discriminated. The oxidizing catalyst which is 
generally used in the production of acrylic acid by the 
gas phase oxidation of the reaction gas mainly contain- 
ing the acrolein obtained by the former stage in the 
method of the two-stage catalytic gas phase oxidation 
can be used, for example. 

[0039] As concrete examples of the former-stage 
catalyst, the compositions represented by the general 
formula, MOa-BibFec-Ad-Bg-Cf-Dg-Ox (wherein Mo, Bi, 
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and Fe respectively denote molybdenunn, bismuth, and 
iron, A denotes at least one elennent selected from the 
group consisting of niclcel and cobalt, B denotes at least 
one element selected from the group consisting of all<ali 
metals and thallium, C denotes at least one element 5 
selected from the group consisting of phosphorus, nio- 
bium, manganese, cerium, tellurium, tungsten, anti- 
mony, and lead, D denotes at least one element 
selected from the group consisting of silicon, aluminum, 
zirconium, and titanium, and O denotes oxygen, and a, 10 
b, c, d, e, f, g, and x respectively denote the atomic 
ratios of Mo, Bi, Fe, A, B, C, D and O which fall respec- 
tively in b = 0.1 -10, c = 0.1 -10, d = 2-20, e = 0.001 - 
5, f = 0 - 5, and g = 0 - 30 when a = 12 is fixed, and x 
denotes the value determined by the states of oxidation 75 
of the relevant elements) may be cited. 
[0040] As concrete examples of the latter-stage cat- 
alyst, the compositions represented by the general for- 
mula, MOa-Vb-Wc -CUd-Ae-Bf-Cg-Ox (wherein Mo 
denotes molybdenum, V denotes vanadium, W denotes 20 
tungsten, Cu denotes copper, A denotes at least one 
element selected from the group consisting of antimony, 
bismuth, tin, niobium, cobalt, iron, nickel, and chro- 
mium, B denotes at least one element selected from the 
group consisting of alkali metals, alkaline earth metals, 25 
and thallium, C denotes at least one element selected 
from the group consisting of silicon, aluminum, zirco- 
nium, and cerium, and O denotes oxygen, a, b, c, d, e, f, 
g, and x respectively denote the atomic ratios of Mo, V, 
W, Cu, A, B, C, and O which fall in the ranges of b = 2 - 30 
1 4, c = 0 - 1 2, d = 0.1 - 5, e = 0 - 5, f = 0 - 5, and g = 0 - 
20 when a = 1 2 is fixed, and x denotes the value deter- 
mined by the states of oxidation of the relevant ele- 
ments) may be cited. 

[0041] The catalyst does not need particularly to 35 

discriminate the shape thereof but may be in the shape 
of spheres, circular columns, cylinders, etc. It may be 
formed by such methods as carrier molding, extrusion 
molding, and tablet molding. The catalyst of the type 
having a catalytic substance deposited on a refractory 40 
carrier is particularly useful. 

[0042] The production of the acrylic acid is accom- 
plished by introducing the reactant gas under the condi- 
tions mentioned above into the former-stage catalyst 
layer and then introducing the formed gas mainly con- 45 
taining acrolein either directly or after having added air 
and steam into the latter-stage catalyst layer. 
[0043] Specifically, for the purpose of forming the 
acrylic acid, the reaction tubes in the reactor 4 are 
packed with the oxide catalyst (latter-stage catalyst) and so 
the acrolein-containing gas obtained by the former- 
stage reaction or the mixed gas prepared, when neces- 
sary, by adding air, oxygen, or steam to the gas is sup- 
plied to the reaction tubes at the reaction temperature 
(the temperature of the catalyst in the reactor) in the 55 
range of 100 - 380°C, preferably 150 - 350°C, and the 
space velocity in the range of 300 - 5,000 hr (STP) and 
subjected to the latter-stage reaction to produce the 



acrylic acid. 

[0044] Incidentally, the formation of the acrolein- 
containing gas does not need to be limited to such two- 
stage reaction of catalytic gas phase oxidation as 
described above but may be attained by using different 
reactors respectively for the two stages involved and 
performing the reactions in two or more stages. In this 
case, the acrolein-containing gas is formed by one- 
stage reaction of catalytic gas phase oxidation. Simi- 
larly, propane may be used in the place of propylene 
and the latent heat may be recovered and utilized as in 
an apparatus for producing acrylic acid. 
[0045] The reactor 4 generates a great deal of heat 
of reaction. As the heat medium for circulation In the 
reactor for the purpose of removing this heat of reaction, 
any of the heat medium heretofore known to the art may 
be used. As concrete examples of the heat medium for 
circulation in the reactor, molten salts, niter, and phenyl 
ether type heat medium which is the Dowtherm type 
organic heat medium may be cited. The reactor heat 
medium which has the temperature thereof elevated by 
removing the heat of the reaction tubes is cooled in the 
heat exchanger attached to the reactor. 
[0046] Then, the acrylic acid-containing gas 20 
emanating from the reactor 4 is supplied to the acrylic 
acid absorbing column 5. In the absorbing column 5, the 
absorbing solvent 21 is supplied thereto via the absorb- 
ing solvent cooler 8 and utilized therein to prepare the 
acrylic acid-containing solution. The waste gas 20 ema- 
nating from the top of the absorbing column 5 is either 
discarded or recycled. By using the cooled acrylic acid 
absorbing solvent 21, it makes possible to improve the 
efficiency of acrylic acid absorption in the acrylic acid 
absorbing column 5. 

[0047] The absorbing solvent 21 in the absorbing 

column 5 may be used any of the known absorbing sol- 
vents such as, for example, water, organic acid-contain- 
ing waters, and the solvents which have high boiling 
point such as inactive hydrophobic organic solvents 
(represented by diphenyl ether and diphenyls). When 
water is used as absorbing solvent 21 , for example, the 
aqueous acrylic acid solution to be obtained from the 
acrylic acid absorbing column 5 under the generally 
employed conditions for the production of acrylic acid 
generally contains acrylic acid in the range of 50 - 80 
mass %, acetic acid in the range of 1 - 5 mass %, and 
water in the range of 20 - 40 mass %. These concentra- 
tion are varied by the operating conditions of the oxida- 
tion reaction in the reactor or the absorbing column. 
Incidentally, the temperature at the top of the acrylic 
acid absorbing column is preferred to be in the range of 
40 - 70°C. 

[0048] Subsequently, the acrylic acid-containing 
solution is supplied to the solvent separating column 6 
and separated therein into acrylic acid and the solvent. 
The distillate emanating from this column from the top 
thereof is condensed and cooled by the condenser 10 
attached to the column. In case the solvent which has 
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lower boiling point than acrylic acid such as water is 
used as the absorbing solvent, the acrylic acid is with- 
drawn through the bottonn of the column. In case the 
solvent has higher boiling point mentioned above, the 
acrylic acid is withdrawn through the middle of the col- 5 
umn. In any cases, the column can be operated under 
the heretofore known conditions to be employed when 
such solvents are used. Even when the solvent separat- 
ing column is required to be followed by an acrylic acid 
refining column in the sequence of process for the pur- 10 
pose of obtaining acrylic acid as a product, the opera- 
tion of the refining column may be perfomried under the 
conditions heretofore known to the art. 
[0049] When the refining column is required, this 
column is additionally provided with the condenser 11 15 
which fulfills the function of condensing and cooling the 
distillate emanating from the top of the column. As the 
liquid coolant used in this condenser 11, the chilled 
coolant which is prepared by the gasification mentioned 
above may be used. The liquid coolant which has been 20 
used in the condenser 1 1 as described above may be 
circulated to the liquid coolant supplying system 1 . Inci- 
dentally, Figs. 2 and 3 depict the processes which use 
the solvent having a lower boiling point than acrylic acid 
as the acrylic acid absorbing solvent and recover the 25 
acrylic acid-containing solution through the bottom of 
the solvent separating column 6. 

[0050] The method for the production of acrylic acid 
which includes the steps for producing acrylic acid by 
absorbing acrylic acid by using the solvent having high 30 
boiling point and subjecting the acrylic acid obtained 
from the solvent separating column 6 to further refine- 
ment and a step for obtaining gasified propylene and/or 
propane by means of at least a evaporator answers the 
designation "method for the production of acrylic acid" 35 
as used in the specification of this invention even when 
the chilled coolant to be obtained is used for heat 
exchange. The method for the production of acrylic acid 
contemplated by this invention, therefore, is not limited 
to the case of simply producing acrylic acid but is inclu- 40 
sive of the case which includes steps branching into the 
steps for producing an acrylic esters. 
[0051] In the case of including the process for pro- 
ducing acrylic esters from acrylic acid as described 
above, the acrylic acid is withdrawn such as from the 45 
solvent separating column 6 through the bottom thereof, 
transferred to the step for esterifying acrylic acid, and 
used in its unmodified form as the raw material for pro- 
ducing the acrylic esters. This step for producing the 
acrylic esters includes steps for light ends separation, so 
heavy ends separation and refining of the acrylic esters. 
Generally, apparatus in these steps are each attached 
with coolers and condensers to effect heat exchange. 
This invention allows the chilled coolant prepared by the 
gasification mentioned above to be used for the pur- 55 
pose of such heat exchange as mentioned above. 
[0052] Now, the case of producing acrylic acid by 
using brine as the liquid coolant will be described below 



with reference to Fig. 3. Fig. 3 shares the same refer- 
ence numerals and line symbols with Fig. 2. 
[0053] The brine to be used as the liquid coolant is 
transferred from the liquid coolant tank 27 through the 
line 1 1 to the liquid coolant heater 2 by means of the liq- 
uid coolant transfer pump 28. When the liquid coolant 
tank 27 is additionally provided with the liquid coolant 
thermocontroller 23, liquid coolant heater 2 which is 
provided in part of the line 11 is no longer required. Par- 
ticularly, however, the brine is capable of retaining the 
lower temperature than water. In case the apparatus 
which produces (meth)acrylic acid and/or (meth)acryllc 
ester and involves cyclic use of the chilled coolant, for 
example, has part thereof suspended from operation, 
there are cases where the temperature of the liquid 
coolant falls to extremely low level. In this case, there- 
fore, it is preferable to make the liquid coolant tempera- 
ture controlled in the range of 0-50°C by using the liquid 
coolant heater 2 and then introduce it into the evapora- 
tor 3 through the line 1-1. When the brine is used, for 
example, by supplying brine having an ethylene glycol 
concentration of 30 mass % at the temperature in the 
range of 0 - 30°C to the evaporator 3, it makes possible 
to obtain the chilled coolant having the temperature in 
the range of -5 - 25°C. 

[0054] When the plant is provided with lines so 
installed that the chilled coolant used in any of the heat 

exchangers incorporated in the plant may be recovered 
in the liquid coolant tank 27, it makes possible to store 
the used chilled coolant in the liquid coolant tank 27 and 
transfer the liquid coolant from the tank using the liquid 
coolant transfer pump 28 which is installed in the line 1 1 
connected to the tank. When the liquid coolant tank 27 
is disposed as described above, the pressure accumu- 
lating in the line for the liquid coolant transfer and the 
non-condensable gas possibly leaking in a minute 
amount into the liquid coolant may be separated. Partic- 
ularly since the brine can be a chilled coolant of a lower 
temperature than water, the liquid coolant may be circu- 
lated only partly to the evaporator 3 and used as the 
chilled coolant instead of being wholly circulated to the 
evaporator 3. For example, part of the liquid coolant 
flowing from the liquid coolant transfer pump 28 through 
the line 1 1 is circulated to and cooled in the evaporator 
3, forwarded via the line 2 which is the line of the chilled 
coolant to the evaporator 3, and combined with the flow 
through the line 1 1 . The chilled coolant which has been 
obtained by being cooled as described above has a 
temperature different from the temperature of the liquid 
coolant flowing through the line 1 1 and the line 2. When 
the line 12 is laid subsequently to the point of conflu- 
ence, the chilled coolant can be forwarded through the 
line 12 directly to the circulation cooler 9 attached to the 
acrylic acid absorbing column and used therein as the 
chilled coolant. The chilled coolant may be transferred 
through the line 12 to the refrigerator 13, further cooled 
therein, and thereafter forwarded to the circulation 
cooler 9 attached to the acrylic acid absorbing column 
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and used as the chilled coolant therein. 

[0055] The propylene which has been gasified by 

the evaporator 3 is supplied to the reactor 4. From this 
point forward, the circulation and use of the chilled cool- 
ant and the supply of the reactant gas to the reactor are 
the sanne as those depicted in Fig. 2. 
[0056] Fig. 3 depicts the case of using brine as the 
liquid coolant and additionally providing the liquid cool- 
ant tank 27, for example. The construction of Fig. 3 per- 
mits use of water as the liquid coolant. Sinnilarly, the 
construction of Fig. 2 permits use of brine as the liquid 
coolant. 

[0057] The second aspect of this invention consists 
in An apparatus for the production of acrylic acid or 
acrolein, comprising means for gasifying liquefied pro- 
pylene and/or propane introduced into an evaporator by 
supplying a liquid coolant to said evaporator and, at the 
same time, preparing a chilled coolant by recovering the 
latent heat of the liquefied propylene and/or propane, 
means for subjecting the resultant gasified propylene 
and/or propane to a catalytic gas phase oxidation reac- 
tion thereby preparing a gas containing acrylic acid or 
acrolein, and means for using said chilled coolant in 
heat exchangers attached to the apparatus for the pro- 
duction of acrylic acid or acrolein. 
[0058] The acrylic acid is produced through acro- 
lein by the reaction of catalytic gas phase oxidation of 
propylene and/or propane. The apparatus for produc- 
tion according this invention recovers the latent heat of 
liquefied propylene and/or propane and stabilize the 
process for producing acrylic acid or acrolein as well 
and, consequently produces acrylic acid of high quality 
and decreases the amount of electric energy consumed 
for cooling in the equipments, for examples, heat 
exchangers of the process of the production. 
[0059] In the apparatus of this invention, as the 
"means for gasifying liquefied propylene and/or propane 
introduced into the evaporator by supplying the liquid 
coolant to the evaporator and, at the same time, prepar- 
ing the chilled coolant by recovering the latent heat of 
the liquefied propylene and/or propane," the evaporator 
3 which is illustrated in Fig. 2 and Fig. 3 may be cited. 
When the pipe line for liquefied propylene In the evapo- 
rator 3 is supplied with propylene and, at the same time, 
the liquid coolant Is Introduced into the interior of the 
evaporator 3 incorporating the pipe line, heat exchange 
proceeds between the propylene and the liquid coolant, 
with the result that the liquid coolant will be cooled by 
recovering the latent heat generated In consequence of 
the gasification of the liquefied propylene and conse- 
quently enabled to prepare the chilled coolant. The 
means for preparing the chilled coolant may be provided 
with the liquid coolant supplying system 1 for storing the 
liquid coolant, the heater for heating the liquid coolant to 
the appropriate temperature which suits to the gasifica- 
tion, and the liquid coolant thermocontroller 23 for 
measuring the temperature of the liquid coolant and 
then adjusting the liquid coolant to the appropriate tem- 



perature which suits to supply the liquid coolant to the 
evaporator 3 as accessorial devices for converting the 
liquid coolant into the chilled coolant through exchange 
of heat. 

5 [0060] Then, as the "means for subjecting the gasi- 
fied propylene and/or propane to a reaction for catalytic 
gas phase oxidation thereby preparing the gas contain- 
ing acrylic acid or acrolein," the reactor 4 for catalytic 
gas phase oxidation may be cited. The kind of the reac- 

10 tor 4 and the conditions for the use thereof can be 
applied kinds and conditions in the prior art for the pro- 
duction of acrylic acid. 

[0061 ] As the "means for using the chilled coolant in 
heat exchangers attached to the apparatus for produc- 
es ing acrylic acid or acrolein," the piping connected from 
the evaporator 3 to various heat exchangers, the lines 2, 

3, and 1 1 , and various heat exchangers may be cited. 
The pipe lines may include temperature adjusting 
means such as the liquid coolant thermocontroller 26 for 

20 the chilled coolant and the gas flow rate controller 25 as 
means for flow rate adjustment and they may be addi- 
tionally provided with the refrigerator 13 for further cool- 
ing the chilled coolant and the liquid coolant 
thermocontroller 26. 

25 [0062] The apparatus for production according to 
this invention can Include "means for circulating the 
chilled coolant used in the heat exchangers to means 
for preparing the chilled coolant." As concrete examples 
of this circulating means, the pipe lines for circulating 

30 the chilled coolant circulated to the heat exchangers to 
the liquid coolant supplying system 1, namely the lines 

4, 5, 6, 7, 8, 9, and 11. These pipe lines may be addi- 
tionally provided with the liquid coolant transfer pump 
28. 

35 [0063] This Invention effectively utilizes the latent 

heat which used to be discarded and consequently ena- 
bles the energy consumption for cooling to be reduced. 
It, therefore, obviates the necessity for the power line 
distribution heretofore indispensable in the operation of 
40 various heat exchangers. 

Examples 

[0064] Now, this Invention will be described more 
45 specifically below with reference to working examples. 

(Example of production of catalyst) 

[0065] In 150 liters of purified water kept heated 
50 and stirred, 100 kg of ammonium molybdate and 6.3 kg 
of ammonium paratungstate were dissolved. To this 
solution, an aqueous nitrate solution separately pre- 
pared by mixing a solution of 55 kg of cobalt nitrate in 
100 liters of purified water, a solution of 19 kg of ferric 
55 nitrate In 30 liters of purified water, and a solution of 
22.9 kg of bismuth nitrate in 30 liters of purified water 
incorporating 6 liters of concentrated nitric acid was 
added dropwise. A solution of 14.2 kg of an aqueous 20 
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mass % silica sol solution and 0.29 kg of potassiunn 
nitrate in 15 liters of purified water was continuously 
added thereto. The suspension thus obtained was 
heated under stirring, evaporated to driness, and then 
dried and pulverized. The produced powder was formed 
in cylinders 5 mm in diameter and calcined under 
stream of air at 460°C for six hours to afford a catalyst. 

(Example 1) 

[0066] Acrylic acid was produced by using the 
apparatus for the production Illustrated in Fig. 2. First, 

from the liquid coolant supplying system 1 , water which 
temperature had been adjusted at 30°C by the liquid 
coolant thermocontroller 23 was supplied in the flow 
amount of 70 m% to the propylene evaporator 3. Lique- 
fied propylene was supplied meantime at the flow 
amount of 2500 kg/h to the evaporator 3. The vaporizing 
pressure of the propylene was 0.6 MPa in gauge pres- 
sure. As a result, the chilled coolant having the temper- 
ature of 27°C was obtained at the flow amount of 70 
m^/h. This chilled coolant was further cooled up to 20°C 
by using refrigerator 13. 

[0067] This chilled coolant was circulated to and 
used in absorbing solvent cooler 8, the condenser 10 
attached to the solvent separating column, and the con- 
denser 11 attached to the refining column. The used 
chilled coolant was introduced to the liquid coolant sup- 
plying system 1 and reused as liquid coolant. To the cir- 
culation cooler 9 attached to the acrylic acid absorbing 
column, the chilled coolant having the temperature of 
27°C was directly supplied through the line 2. 
[0068] The reaction tubes in the reactor 4 for cata- 
lytic gas phase oxidation were packed with 5.6 m^ of the 
catalyst (composition: Mo: 12, Bi: 1 , Fe: 1 , Co: 4, W: 0.5, 
Si: 1 , and K: 0.06 in molar ratio) obtained in the example 
of production. The reactant gas was composed of 6 vol. 
% of propylene, 12 vol. % of oxygen, 9 vol. % of steam, 
and 73 vol. % of nitrogen, etc. The reactant gas was 
introduced so as to acquire the retention time of 2 sec- 
onds on the catalyst. The results were as shown below. 

Fluctuation of pressure of propylene gas in the 

evaporator: Not more than ±2 kPa 

Power consumption in refrigerator: 467 MWh/Y 

Efficiency of absorption of acrylic acid immediately 

after start of operation: 99.5% 

Efficiency of absorption of acrylic acid after six 

months' operation: 99.4% 

Efficiency of absorption of acrylic acid after one 

year's operation: 99.2% 

Number of suspensions of apparatus due to the 
polymerization: 0/year 

(Comparative Example 1) 

[0069] Acrylic acid was produced by following the 
procedure of Example 1 while supplying saturated 



steam having the temperature of 120°C and the gauge 
pressure of 0.1 MPa at the flow volume of 390 kg/h 
instead of the liquid coolant to the propylene evaporator 
3, discarding the steam after heat exchange without 

5 deriving any chilled coolant therefrom, and obtaining the 
heat source for heat exchange in the attached devices 
wholly from the liquid coolant supplying system and the 
refrigerator. The vapor pressure of propylene was 1.0 
MPa in gauge pressure. The results were as shown 

70 below. 

Fluctuation of pressure of propylene gas in evapo- 
rator: Not more than ±1 0 - 20 kPa 
Power consumption in refrigerator: 937 MWh/Y 
75 Efficiency of absorption of acrylic acid immediately 
after start of operation: 99.5% 
Efficiency of absorption of acrylic acid after six 
months' operation: 97.2% 

Efficiency of absorption of acrylic acid after one 
20 year's operation: Unmeasurable 

Number of suspensions of apparatus due to the 
polymerization: 2/year 

(Example 2) 

25 

[0070] Acrylic acid was produced by using the 
apparatus for the production illustrated in Fig. 3. First, 
from the liquid coolant supplying system 1 , brine (aque- 
ous 30 mass % ethylene glycol solution) had been 

30 adjusted to the temperature of 12°C by the liquid cool- 
ant thermocontroller 23 was supplied at the flow amount 
of 120 m^/h to the propylene evaporator 3. The vapor 
pressure of propylene was 0.4 MPa in gauge pressure. 
Liquefied propylene was supplied meantime at the flow 

35 amount of 4200 kg/h to the evaporator 3. As a result, the 
chilled coolant having the temperature of 9°C was 
obtained at the flow amount of 120 m^/h. This chilled 
coolant was combined with the liquid coolant from the 
liquid coolant supplying system 1 and then cooled up to 

40 8°C by using refrigerator 13. 

[0071] This chilled coolant was circulated to and 
used in the same manner as in Example 1 while omit- 
ting the circulation thereof to the condenser 1 1 attached 
to the refining column. 

45 [0072] The reaction tubes in the reactor 4 for cata- 
lytic gas phase oxidation were packed with 5.6 m^ of the 
catalyst (composition: Mo: 1 2, Bi: 1 , Fe: 1 , Co: 4, W: 0.5, 
Si: 1 , and K: 0.06 in molar ratio) obtained in the example 
of production. The reactant gas was composed of 6 vol. 

50 % of propylene, 12 vol. % of oxygen, 9 vol. % of steam, 
and 73 vol. % of nitrogen, etc. The reactant gas was 
introduced so as to acquire the retention time of 2 sec- 
onds on the catalyst. The results were as shown below. 

55 Fluctuation of pressure of propylene gas in evapo- 
rator: Not more than ±2 kPa 
Power consumption in refrigerator: 3063 MWh/Y 
Efficiency of absorption of acrylic acid immediately 
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after start of operation: 99.6% 

Efficiency of absorption of acrylic acid after six 

nnonths' operation: 99.4% 

Efficiency of absorption of acrylic acid after one 
year's operation: 99.3% 

Nunriber of suspensions of apparatus due to the 
polymerization: 0/year 

(Comparative Example 2) 

[0073] Acrylic acid was produced by following the 
procedure of Example 2 while supplying saturated 
steam having the temperature of 120°C and the gauge 
pressure of 0.1 MPa at the flow volume of 650 kg/h 
instead of the liquid coolant to the propylene evaporator 
3, discarding the steam after heat exchange without 
deriving any chilled coolant therefrom, and obtaining the 
heat source for heat exchange in the attached devices 
wholly from the liquid coolant supplying system and the 
refrigerator. The vapor pressure of propylene was 1.0 
MPa in gauge pressure. The results were as shown 
below. 

Fluctuation of pressure of propylene gas in evapo- 
rator: Not more than ±1 0 - 20 kPa 
Power consumption in refrigerator: 3835 MWhA^ 
Efficiency of absorption of acrylic acid immediately 
after start of operation: 99.4% 
Efficiency of absorption of acrylic acid after six 
months' operation: 97.0% 

Efficiency of absorption of acrylic acid after one 
year's operation: Unmeasurable 
Number of suspensions of apparatus due to the 
polymerization: 2/year 

(Results) 

[0074] 

(1) In Comparative Example 1 , the fluctuation of the 
pressure of propylene gas in the evaporator was not 
more than ±1 0 - 20 kPa of the set value. In Example 
1 , the variation was not more than ±2 kPa of the set 
value. 

(2) When the refrigerators used in Example 1 and 

Comparative Example 1 were tested for power con- 
sumption, the power consumption in Example 1 
was found to be 467 MWh/Y and that in Compara- 
tive Example 1 to be 937 MWhA". The difference 
was 470 MWh/Y. 

(3) When the refrigerators used in Example 2 and 
Comparative Example 2 were tested for power con- 
sumption, the power consumption in Example 2 
was found to be 3063 MWhA' and that in Compara- 
tive Example 1 to be 3835 MWh/Y. The difference 
was 772 MWhA'. 

(4) In Comparative Examples 1 and 2, the efficiency 
of absorption of acrylic acid in the absorbing col- 



umn which was 99.5% during the initial stage of 
operation fell to 97% after the elapse of six months. 
In Examples 1 and 2, the efficiency of absorption of 
acrylic acid in the absorbing column was main- 
tained at 99.0% even after the elapse of one year 
following the start of operation. As a result, the load 
on the solvent separating column was stabilized 
and the supply of the liquid coolant at the pre- 
scribed temperature to the condenser attached to 
the column was easily attained. Consequently, the 
load on the columns was stabilized and the liquid 
coolant was easily supplied to the heat exchangers. 
No suspension of the operation of the apparatus, 
therefore, was caused by polymerization as in the 
vacuum equipments attached to the columns. 

[0075] In the specification, substituent groups given 
in parenthesis are optional. Thus, the term (meth) 
acrylic acid includes both acrylic acid and meth acrylic 
acid. Also, the term brine Includes not only aqueous salt 
solutions but also alcoholic solutions. It will be apparent 
to those skilled in the art, however, that the present 
invention is not limited to water or brine solutions and 
that other suitable liquid coolant solutions may also be 
used. 

Claims 

1 . A method for the production of acrylic acid or acro- 
lein, characterized by gasifying liquefied propylene 
and/or propane introduced into an evaporator by 
supplying a liquid coolant to the evaporator and, at 
the same time, preparing a chilled coolant by recov- 
ering the latent heat of the liquefied propylene 
and/or propane, subjecting the resultant gasified 
propane and/or propylene to a catalytic gas phase 
oxidation reaction thereby preparing a gas contain- 
ing acrylic acid or acrolein, and using said chilled 
coolant in heat exchangers attached to the appara- 
tus for the production acrylic acid or acrolein. 

2. A method according to claim 1 , wherein the temper- 
ature of said liquid coolant supplied to said evapo- 
rator is in the range of 0 - 50°C. 

A method according to claim 1 , wherein said liquid 
coolant is water or brine. 

A method according to claims 1 , where in said heat 
exchanger is at least one member selected from 
the group consisting of an absorbing solvent cooler 
and a circulation cooler attached to the acrylic acid 
absorbing column, a condenser attached to the sol- 
vent separating column, and a condenser attached 
to the acrylic acid refining column. 

5. A method according to claims 1, wherein said 
chilled coolant is used in heat exchangers attached 
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to a methacrylic acid and/or (nneth)acrylic esters 
plant. 

6. A method according to claims 1 , wherein the chilled 
coolant which has been used in said heat exchang- 
ers is reused as a liquid coolant. 

7. A method according to claims 1, wherein the 
amount of said liquefied propylene and/or propane 
to be gasified is adjusted by controlling the amount 
of said liquid coolant into the evaporator. 

8. An apparatus for the production of acrylic acid or 
acrolein, comprising means for gasifying liquefied 
propylene and/or propane introduced into an evap- 
orator by supplying a liquid coolant to said evapora- 
tor and, at the same time, preparing a chilled 
coolant by recovering the latent heat of the liquefied 
propylene and/or propane, means for subjecting the 
resultant gasified propylene and/or propane to a 
catalytic gas phase oxidation reaction thereby pre- 
paring a gas containing acrylic acid or acrolein, and 
means for using said chilled coolant in heat 
exchangers attached to the apparatus for the pro- 
duction of acrylic acid or acrolein. 

9. An apparatus according to claim 8, wherein said 
means for preparing said chilled coolant includes 
means for adjusting the temperature of said liquid 
coolant or means for adjusting the flow amount 
thereof. 

10. An apparatus according to claim 8, which further 
comprises means for circulating the chilled coolant 
used In said heat exchangers to said means for pre- 
paring said chilled coolant. 



ture at which the liquefied propylene and/or pro- 
pane vaporizes is less than the temperature of the 
coolant liquid being supplied to the evaporator. 

5 13, A process as claimed in claims 11 or 12, wherein 
coolant liquid exiting the evaporator has been 
cooled by 0-1 0°C, preferably 1-5°C, and preferably 
about 3°C. 

10 1 4. A process as claimed in any one of claims 1 1 to 1 3, 
wherein the coolant liquid undergoes a further cool- 
ing step before being supplied to the heat 
exchanger. 

15 15. A process as claimed in any one of claims 1 1 to 14, 
wherein the coolant liquid exiting the heat 
exchanger(s) is recycled to the evaporator. 

16. An apparatus for preparing acrylic acid or acrolein, 
comprising evaporator means for causing liquefied 
propylene and/or propane to vaporize, reactor 
means for subjecting the resultant propylene and/or 
propane gas to a catalytic gas phase oxidation 
reaction, and purification means having at least one 
liquid-cooled heat exchanger for purifying the 
acrylic add or acrolein so formed, characterised In 
that the apparatus further comprises fluid conduit 
means between the evaporator means and the heat 
exchanger of the purification means, for supplying 
coolant liquid used to vaporize the liquefied propyl- 
ene and/or propane from the evaporator means to 
the heat exchanger, and, preferably, back from the 
heat exchanger to the evaporator. 
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11. A process for preparing acrylic acid or acrolein, 
comprising the steps of introducing liquefied propyl- 
ene and/or propane Into an evaporator, providing a 40 
heat source to the evaporator so as to cause the liq- 
uefied propylene and/or propane to vaporize, sub- 
jecting the resultant propylene and/or propane gas 

to a catalytic gas phase oxidation reaction, and 
purifying the acrylic acid or acrolein so formed In a 45 
purification system having at least one liquid-cooled 
heat exchanger, characterised in that coolant liquid 
used to cool the heat exchanger has first been sup- 
plied to the evaporator, In order to provide the heat 
required to cause the liquefied propylene and/or 50 
propane to vaporize, thereby resulting In pre-cool- 
ing of the coolant liquid. 

12. A process as claimed in claim 10, wherein the rate 

at which the liquefied propylene and/or propane is 55 
introduced into the evaporator and thus the result- 
ant vapour pressure of propylene and/or propane in 
the evaporator Is controlled, such that the tempera- 
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